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In a cross-sectional study, we determined whether results from the
Mini Nutritional Assessment (MNA), Geriatric Depression Scale
(GDS), and Katz Activities of Daily Living (ADL), were associated
with nutritional status and mobility in long-term care residents.
One hundred and fifteen study participants (mean [SD] age:
80.2 [10.6]) provided informed consent. Fifty eight percent
(n¼ 66) responded to all three questionnaires: 12 were assessed
as malnourished (MNA< 17) and 28 were depressed (GDS 6).
Higher levels of depression were associated with lower serum zinc
(n¼ 71, r¼.356, p¼ .001) and associated with a slower Timed
Up and Go test (TUG, n¼ 38, r¼ .301, p¼ .030). MNA was also
associated with serum zinc (n¼ 44, r¼ .307, P¼ .021). Non
responders to questionnaires (n¼ 36) had a lower BMI (mean
difference:2.5 1.0 kg=m2, p¼ .013) and serum 25(OH)D
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(8.7 3.8 nmol=l, p¼ .023) vs. responders. The GDS, in addition
to the MNA, is useful in identifying poor nutritional status in resi-
dential care. Intervention programs that target depression and
poor nutritional status could potentially improve overall quality
of life, but it is not clear if depression is leading to poor nutritional
status or if poor nutrition is leading to depression.
KEYWORDS depression, long-term care, nutrition questionnaires
ASSOCIATIONS BETWEEN NUTRITIONAL AND FUNCTIONAL
STATUS IN RESIDENTIAL AGED CARE
The rates of malnutrition among older persons living in long-term residential
aged care has been estimated to range between 10% and 50%, with a
BMI< 20 kg=m2, 5% and 41% with recent weight loss, and up to 50% for
low serum albumin (1). Malnutrition can negatively affect health outcomes
in elderly populations. It may develop as a result of a decreased appetite
(2), dementia (3), or depression (4). Deficiencies in certain micronutrients
have been found to be associated with falls (5), fractures (6), and impaired
cognitive function (7). There is no ‘‘gold standard’’ noninvasive measure
for assessing risk of malnutrition. Moreover, the ability to assess nutritional
status in residential care settings may be hindered because of lack of staffing,
time constraints, and training.
The Mini Nutritional Assessment (MNA) is one of the most widely used
tools for assessing nutritional risk within institutionalized populations (8) and
has been validated with anthropometric, nutritional, and biochemical mark-
ers (9). A score of <17 indicates protein-energy malnutrition (PEM), and
utilizing this index, studies among aged care residents have reported PEM
rates ranging from 15% (10) to 71% (11). As a measure of nutritional status,
the MNA has been associated with BMI (12, 13), serum albumin (10, 14), and
poorer activities of daily living (ADL) score (10, 14).
In addition to poor nutritional status, elderly persons in residential care
also have been found to be at increased risk for depression (15, 16), which
can be related to disease state, certain medication types, and dementia (17).
The 15-point Geriatric Depression Scale (GDS) was designed to help identify
depression in those who are not severely demented (18). The reported rates
of depression scores 6=15 ranged from 3% in community dwelling elderly
men (19) to 52% of aged care residents in Taiwan (20). Depression has been
associated with impaired swallowing (20, 21), and some (22) but not all
studies (23) have found depression to be associated with poorer functional
ability and quality of life (24, 25). These factors all have been associated with
poorer nutritional status (26).
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As a consequence of malnutrition and aging, there is a decline in muscle
mass (27), and this has been associated with functional impairment, physical
disability (28), and poorer mobility (27). The Katz Activity of Daily Living
(ADL) questionnaire was designed to assess the independence of older indi-
viduals through simple daily living tasks such as bathing, dressing, toileting,
and transferring (29). Poorer ADL score has been associated with nutritional
status, malnutrition (30), and serum albumin (31).
In Australia, one study conducted in domiciliary care clients found
that 5% were malnourished and 38% were at-risk of malnutrition using
the MNA (32). There is no information on nutritional status in Australian resi-
dential care, and there is no information on the value of questionnaires in
determining nutritional risk in this population.
The aim of the current study was to assess nutritional risk, depres-
sion, and level of independence in Australian aged care residents using
the MNA, GDS, and ADL to determine whether the scores derived from
these questionnaires were associated with markers of nutritional status
and mobility.
METHODS
Aged Care Residents
Barwon Health is Victoria’s largest regional health care provider. It provides
758 inpatient beds with the Aged Care facility providing 260 high-level care
(HLC) nursing home beds and 106 low-level care (LLC) hostel beds.
Residents from five LLC hostels and seven HLC wards were invited to
participate in this study based on interest from their Unit Nurse Managers.
One hundred and fifteen residents provided informed consent, or if unable, their
next of kin gave proxy consent. Complete study data was obtained from 92 resi-
dents. This project was approved by the Barwon Health Research and Ethics
Advisory Committee and Deakin University Research Ethics Committee.
Medical Records
Information on dietary requirements (including the use of nutritional
supplements), medications, and medical conditions were collected from
the medical records. Body weight was measured and recorded by nursing
staff at the HLC and LLC facility; the latest measurement taken within the
previous month of data collection was used. Mobility levels that had been
documented by nursing staff in residents’ medical histories were reported
as ‘‘immobile,’’ ‘‘requires walking aid or staff assistance,’’ and ‘‘can mobilize
independently.’’
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Anthropometry
Stature height was calculated by measuring knee height (cm) using sliding
calipers (Shapers, Coffs Harbour, NSW, Australia) on either the left or right
leg while seated. For consistency, knee height was measured on all partici-
pants even if they could ambulate independently. Body mass index (BMI)
was calculated using height and body weight (kg=m2). The timed up and
go test (TUG) was measured using standard protocols (33). The TUG test
is recorded in seconds; a faster walking time (lower score) indicates a better
walking ability. The TUG test and stature height have been previously
documented (34).
Questionnaires
Prior to questionnaire administration, study investigators approached each
unit nurse manager for an indication of which participants would be cogni-
tively able to answer the questions. The standard MNA (35), GDS (18), and
ADL (29) questionnaires were then administered to cognitively aware parti-
cipants by trained investigators. If the participant refused to answer any
further questions, the investigator went back on two more occasions to try
again. If the participant still had no desire to answer questions, the question-
naire remained incomplete and was coded as ‘‘non compliant.’’ For the
current data analysis, the three ADL categories were coded as ‘‘1’’ (indepen-
dent), ‘‘2’’ (requires assistance), and ‘‘3’’ (can not do).
Biochemistry
After a minimum eight-hour fast, a single blood sample was taken for
measurement of serum albumin, 25(OH)D, vitamin B12, folate, and zinc con-
centrations. After clotting, blood specimens were centrifuged in a Spintron
GT-15FR refrigerated centrifuge for 15 minutes at 3500 RPM. Aliquots were
stored at80C prior to analysis. Serum albumin was assayed using a
Randox Daytona automated clinical chemistry analyser (Antrim, UK, 2002).
Radioimmunoassays were used to measure serum 25(OH)D (DiaSorin Inc,
Minnesota, USA) and serum vitamin B12=folate (BioRad Laboratories, NSW,
Australia) concentrations. Serum zinc was measured in the supernatant after
proteins were precipitated by atomic absorption spectrophotometry by direct
aspiration (Varian SpectrAA-800). Contamination was minimized by the acid
washing of all tubes and pipettes that were used to process the samples (36).
Statistical Analysis
Statistical analyses were performed using SPSS for Windows (SPSS Inc.,
Chicago, Illinois, Release 12.0.1). Descriptive data is represented as mean
50 J. A. Grieger et al.
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(SD) or between groups as mean SEM. Students’ t tests were used to iden-
tify differences in continuous variables between groups. Chi Square (v2) tests
were used to compare categorical data. Skewed data were log 10 transformed
(i.e., serum folate, 25(OH)D and the Katz ADL). Log 10 data were used for all
analyses; however, the geometric means were reported in the text. The alpha
level for significance was set at p< 0.05.
RESULTS
Participant Characteristics
Of 334 eligible aged care residents, 115 participants provided informed
consent (68% female). The mean (SD) age was 80.2 (10.6) years; the mean
body weight was 66.5 (15.0) kg; and themean BMIwas 26.2 (5.0) kg=m2. Males
were heavier than females (mean SEM, 75.2 2.3 kg vs. 62.4 1.5 kg,
p< .001), but females were older (82.5 1.1 years vs. 75.4 1.8 years,
p¼ .001).
Reasons for nonresponse to the questionnaires are reported in Table 1.
Thirteen participants (11%) refused to answer at least one of the question-
naires, following three attempts of encouragement by the researcher. Mean
(SD) questionnaire scores are reported in Table 2, as are the mean (SEM)
serum concentrations for the 66 participants (58%) who responded to all
three questionnaires. When this group (n¼ 66) was compared with those
who could not answer any (or all) of the questionnaires (n¼ 36), those who
responded were heavier (mean difference (SEM)þ 8.8 3.0 kg, p¼ .005),
had a higher BMI (þ2.5 1.0 kg=m2, p¼ .013), and had a higher serum
25(OH)D concentration (þ8.7 3.8 nmol=l, p¼ .023, Table 2), respectively.
TABLE 1 Number and Reasons for Participants’ Exclusion (and total included) in Question-
naires from the Consented Population (n¼ 115)
MNA GDSy ADLz
Total excluded 41 (36%) 44 (38%) 40 (35%)
Impaired cognitionx 32 (28%) 36 (31%) 32 (28%)
Noncompliantk 9 (8%) 8 (7%) 8 (7%)
Total included 74 (64%) 71 (62%) 75 (65%)
MNA: Mini Nutritional Assessment.
yGDS: Geriatric Depression Scale.
zADL: Activities of Daily Living.
xImpaired cognition was reported by the unit nurse managers in each ward=hostel, and no attempt was
made by the researcher to administer the questionnaires.
kNoncompliance was documented following three attempts of encouragement by the researcher for the
participant to respond.
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Mini Nutritional Assessment
Of the total number of participants who answered the MNA (n¼ 74), 42%
(n¼ 31) had an adequate screening assessment score. Therefore, following
the full MNA assessment, 16% (n¼ 12) were malnourished and 38%
(n¼ 28) were considered to be at no nutritional risk (Table 3). When the data
was split by MNA categories, there was no difference between MNA category
score and the number of participants within each BMI category (Table 3).
There also was no difference between MNA categories and the number
of participants consuming nutritional supplements (Table 3) or in serum
micronutrients. According to MNA responses, within the last three months,
8% of participants (n¼ 6) had lost more than 3 kg body weight, 20%
(n¼ 15) had lost between 1 and 3 kg, and 65% (n¼ 49) had no loss of body
weight.
When the malnourished and at-risk MNA categories were combined
(n¼ 40) and when the healthy MNA score and adequate screening score
categories were combined (n¼ 34), those in the malnourished=at-risk group
had a higher depression score (n¼ 35, 5.97 0.59 vs. n¼ 33, 3.76 0.40,
p¼ .003) and had a more dependent ADL score (12.9 0.6 vs. 9.4 0.5,
p< .001). There was no difference in BMI or serum micronutrient concentra-
tions or their levels of deficiency or in the number of participants who were
or were not depressed.
TABLE 2 Mean (SEM) Differences Between Participants who Responded to all the Ques-
tionnaires vs. Those who Could not Respond to all the Questionnaires
Questionnaire responders
(n¼ 66)
Nonresponders
(n¼ 36)
Age (years) 80.2 1.4 81.3 1.7
Body weight (kg) 69.4 1.9 60.6 2.2
BMI (kg=m2) 27.2 0.6 24.6 0.9
Questionnaires
Total MNAy score (score out of 24)z 18.8 (3.6) –
GDSx (score out of 15)z 4.9 (3.2) –
ADLk (score out of 15) 9.5 (2.0) –
TUG (seconds)z 36.0 (21.3) –
Serum (n¼ 113)
Albumin (g=L) 38.7 0.4 38.3 0.6
25(OH)D (nmol=l) 39.3 2.2 30.6 2.8
Vitamin B12 (pmol=l) 287.6 17.3 306.4 24.0
Folate (nmol=l) 18.8 1.6 15.5 1.4
Zinc (mmol=l) 11.3 0.4 11.2 0.4
Significantly different between groups (p .023) by independent samples t-test.
yMNA: Mini Nutritional Assessment.
zMean (SD).
xGDS: Geriatric Depression Scale.
kADL: Activities of Daily Living (Median [inter-quartile range]).
TUG: Timed Up and Go Test (n¼46, 40%).
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Geriatric Depression Scale
For all participants who responded to the GDS, the mean (SD) score was 4.9
(3.1). A score of6 points indicates depression (18) and was found among
39% (n¼ 28) of participants (mean SEM, 8.1 0.4). Seven percent (n¼ 8)
of participants had received a diagnosis of anxiety=depression; of these, the
five participants who responded to the GDS had a mean score of 6.8 1.2.
For those who answered all the questionnaires (n¼ 66), there was an inverse
association between GDS and MNA score (r¼.353, p¼ .015).
Activities of Daily Living
Thirty five percent of participants (n¼ 26) were dependent in 1–3 ADL
categories, and 8% were dependent in 5–7 categories.
QUESTIONNAIRE ASSOCIATIONS
Anthropometry
There were no associations between the MNA, GDS, and ADL score, or
categories, and body weight or BMI (data not shown).
Biochemistry
The MNA score was positively associated with serum zinc concentrations
(n¼ 44, r¼ .307, p¼ .021, Figure 1); and GDS score was inversely associated
with serum zinc (n¼ 71, r¼.356, p¼ .001, Figure 2). Serum zinc was
TABLE 3 Number of Participants Taking Nutritional Supplements Within Each MNA Category
and Number of Participants Within BMI Categories,y
Mini Nutritional Assessment
category
Malnourished
(<17)
At-risk
(17–23.5)
Healthy
(>23.5)
Screening
scorez (12)
n (%) 12 (16%) 28 (37%) 3 (4%) 31 (42%)
Nutritional supplement 2 (17%) 2 (7%) 1 (33%) 1 (3%)
Body mass index
Underweight (<20 kg=m2) 3 (27%) 3 (11%) 0 (0%) 0 (0%)
Acceptable ( 20– 25 kg=m2) 0 (0%) 9 (32%) 2 (67%) 5 (16%)
Overweight (>25– 30 kg=m2) 6 (55%) 10 (36%) 1 (33%) 18 (58%)
Obese (>30 kg=m2) 2 (18%) 6 (21%) 0 (0%) 8 (26%)
Frequencies and percentages for sample size and nutritional supplements were calculated between each
MNA category. Frequencies and percentages for BMI categories were calculated within MNA categories.
yA total of 74 participants completed the MNA; BMI could only be calculated on 73 participants (height
could not be estimated).
zShort form subtotal screening score (12=14) indicates no further MNA testing required, and not at
nutritional risk.
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inversely associated with TUG score (n¼ 46, r¼.449, p¼ .001). We also
excluded the participant with a serum zinc level of 28.1 nmol=l (as seen in
Figures 1 and 2), however, this did not substantially affect these associations.
Those who were depressed had a lower serum zinc concentration (n¼ 28,
FIGURE 1 Mini Nutritional assessment score versus serum zinc concentration. The MNA is
widely used for assessing nutritional risk. A score of <17 is considered to indicate protein-
energy malnutrition.
FIGURE 2 Geriatric depression scale score versus serum zinc concentration. The 15-point
GDS was designed to help identify depression in those who are not severely demented.
A score of 6 points indicates depression (18).
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10.1 0.4 mmol=l) compared with those who were not depressed (n¼ 43,
11.9 0.5 mmol=l, p¼ .016). The MNA, GDS, and ADL score, or categories,
were not associated with any other serum marker.
Functional Status
There was an association between GDS and TUG score (n¼ 38, r¼ .301,
p¼ .030), and ADL score (n¼ 67, r¼ .373, p¼ .001); indicating those with a
higher level of depression had a slower walking time and higher level of
dependency in daily living activities. Similarly, those who were depressed
had a higher (more dependent) ADL score (n¼ 26, 12.2 0.7) compared
with those who were not depressed (n¼ 41, 10.4 0.5, p¼ .028). There
was a strong association between ADL score and TUG score (n¼ 40, r¼ .580,
p< .001), indicating those requiring less dependence in daily activities could
walk faster.
DISCUSSION
Maintaining optimal health is an important factor in reducing the burden of
disease and poor quality of life within older populations. Furthermore, the
ability to assess health risk in these individuals may be of great importance
to delay or attenuate increased nutritional deficiencies and physical disabil-
ities associated with aging.
We found our cognitively impaired participants (i.e., those who could
not respond to the questionnaires) had a lower BMI and serum 25(OH)D
compared with those who could respond. Previously, risk of mortality was
40% lower among aged care men and women with a higher BMI
(>25.6 kg=m2 and>25.4 kg=m2, respectively) (37); and in community dwell-
ing Italians, lowest mortality was seen in the group with a BMI between
26–28 kg=m2 (38). It is likely that our cognitively impaired group was frailer
than the cognitively intact residents and may be in most need for nutritional
monitoring and support. Our results also suggest that among cognitively
impaired participants, biochemical indicators of nutritional status and anthro-
pometry measurements indicate a greater prevalence of poor nutritional sta-
tus. In this nutritionally vulnerable group, it is important to regularly monitor
body weight and food intake. If, for example, a resident is identified as hav-
ing a loss of>5% body weight in one month, or leaves more than half of their
food on their plate over several days, referral to a dietitian would be recom-
mended for nutritional support.
According to the MNA, 16% of our cognitively aware group was
malnourished. Within other long-term care institutions, rates of malnutrition
(from the MNA) have been found to range between 15–71% of residents (10,
11, 12, 26, 39), indicating that nutritional risk varies widely across residential
care settings in different countries. We found no differences between
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MNA categories with respect to anthropometric measurements or serum
micronutrients, even when grouped by malnourished=at risk of malnutrition
and healthy=adequate screening score. Although 16% were classified as mal-
nourished and more than 40% were healthy, there was no difference in
anthropometry, biochemical indicators of nutritional status, and timed up
and go test among cognitively aware participants. The MNA may not be a
good reflection of current nutritional status because it was designed as a
predictor of future malnutrition. It also is recognized that serum albumin
and other serum micronutrients are relatively poor indicators of nutritional
status (40, 41).
According to the GDS, 39% of our participants were depressed, yet only
7% of the group had received a diagnosis of anxiety=depression. Using the
same GDS, this percentage was more than double that found among aged care
residents in the Netherlands (23) and among older patients admitted for post-
acute nursing home rehabilitation in the United States (42). Among aged care
residents, 1-year mortality was 59% higher in those who had a depressive dis-
order compared with those who had depressive symptoms (43); and in frail
community dwelling women, 18-month mortality was 70% higher in those
with depression compared with those who were not depressed (44). This
was later confirmed by Morley and Kraenzle (45), who in a retrospective
review concluded that depression is the most common cause of weight loss.
Although our sample size was smaller than those studies by more than half,
many of our population also may be at increased risk for mortality. We found
similar results where higher depression scores were associated with a poorer
MNA score, lower serum zinc concentrations, a slower TUG time, and poorer
ADL functioning. It is difficult to determine whether poor nutritional status
leads to depression or whether being depressed leads to poor nutritional status
and reduced mobility. Irrespective of this, our results suggest that the GDSmay
be a useful tool in identifying nutritional risk as well as the MNA. In residential
care, both these questionnaires could be used regularly to monitor depression
and nutritional status. Once identified as being depressed and=or poor nutri-
tional status, intervention programs such as social support networks, enhanced
eating environments, or activity programs may assist in improving depression,
nutritional status, and overall quality of life.
Limitations to this study include the relatively small sample size and
the nonrandom selection of residents, which limits the generalizability of
our study because we excluded those from the dementia and palliative
care wards. The exclusion of these more dependent residents may have
underestimated the number of residents who may be at increased risk of
malnutrition. As our sample was restricted to those who could provide
informed consent or had an available next of kin to give proxy consent,
we may have included more of the less dependent residents.
In conclusion, we found that 16% of participants were malnourished
and 39% were depressed. Our cognitively impaired participants had a lower
56 J. A. Grieger et al.
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BMI and serum 25(OH)D than those who could respond to the question-
naires, indicating that this group is at increased risk of malnutrition. Regular
weighing, monitoring of food intake, and measurement of biochemical
indices of nutritional status should be utilized to assist in identifying and
preventing further deterioration in nutritional status. Among our cognitively
aware participants, although the MNA did not identify differences in serum
micronutrients or anthropometric measurements between groups, it was
associated with GDS score. It is unknown whether depression leads to poor
nutritional status or whether poor nutritional status leads to depression.
Therefore, routine use of both questionnaires among cognitively aware
residents could assist in monitoring nutritional risk and instigating preventa-
tive strategies to reduce malnutrition, such as the provision of supplemental
drinks and=or foods. Intervention programs to reduce malnutrition could
also include interventions to reduce depression. It has been demonstrated
that an improved eating environment resulted in increased food intake and
increased body weight (46, 47). Further studies are required to determine
if depression can be lowered through enhanced social interactions, improved
eating environments, or activity sessions, and whether this results in an
improvement in nutritional status, overall health, and quality of life.
TAKE AWAY POINTS
. Cognitively impaired participants had a lower BMI and serum 25(OH)D
than those who could respond to the questionnaires, indicating that this
group is likely to be at increased risk of malnutrition.
. The GDS, in addition to the MNA, could assist in monitoring nutritional risk
and instigating preventative strategies to reduce malnutrition in residential
care.
. Intervention programs to reduce malnutrition also should include
measures to detect and reduce depression.
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